1. Introduction {#sec1}
===============

Power can be defined in multiple ways, depending on specific epistemological and philosophical frameworks. [@bib16] defined power as the process in which: A has power over B in the sense that he/she can get B to do something which B would otherwise not do. This definition, which is useful in demonstrating the power of this organizational attribute on interpersonal relationships, shows only one of the possible dimensions of power. [@bib39] recognized three dimensions of power, identified by [@bib20] as visible, hidden and invisible, depending on their form of action in the organization.

People within organizations use power to achieve their goals, as the ultimate way to resolve their conflicts and impose their self interests ([@bib39]). Since power is associated with certain roles in organizations, its understanding is useful for any of the agents, since it allows the understanding of the interpersonal relationships which constitute it, among other areas ([@bib41]).

1.1. Power {#sec1.1}
----------

Power is a complex element, because it implies a quality of the relationships. [@bib17] stated that power can be demonstrated when it refers to actions that have already occurred, or potential, when it refers to existing capacities that can lead to this power being manifested ([@bib17]). Other authors mention a distinction between power when it cames to a potentiality and influence when the power is manifested ([@bib42]). One of the main references in relation to power is Weber, who relates it to legitimacy, a concept in itself that forces us to question what would be legitimate for someone in the context of the relationships established ([@bib36]). In this sense, there are concepts that are necessarily related with power which are trust and knowledge ([@bib8]; [@bib43]), which are also expressed within the organizational context.

According to [@bib36], the way in which power is exercised in an organization, especially if this exercise of power is legitimized in some way by the organization itself, can increase the levels of confidence. In this system, knowledge is a way to legitimize power ([@bib36]), although there may be others such as rationality, tradition or charisma ([@bib23]). [@bib8] also explained the relationship between power and trust through the influence of knowledge, as proposed by Luhman, who has shown the need to identify whether this trust is rational or irrational. In this way, knowledge could help to rationalize or not the levels of trust gained, which would at the same time contribute to increase or decrease the existing levels of power ([@bib8]).

For [@bib5], power is a form of relationship between individuals or groups of individuals that allows understanding differences between them, generating important changes in these context of analysis, knowing the ways in which organizations operate and how decisions are made. It is defined as the way in which a person or group can get another person or group to do something that they would not do otherwise ([@bib5]; [@bib23]). Although power has been used as a synonym of control, influence or authority, [@bib5] shares Weber\'s concept where power is expressed as a potential for people to act in a certain way.

1.2. Sources of power in organizations {#sec1.2}
--------------------------------------

Sources that give a person the ability to influence and change the behavior of others are known as bases or sources of power which are nothing more than concrete formulas adopted to influence a social relationship ([@bib4]). There is no consensus as to what the sources of power within an organization are. For [@bib44] these can be: (1) the control of a resource, (2) of a technical skill, (3) of a body of knowledge, (4) of legal prerogatives, (5) access to those agents that enjoy one of the other sources. With [@bib45] there are 14 sources of power and which includes the control of informal groups and sex.

For [@bib18] and [@bib54], there are six bases of power: (1) legitimate power derived from the official position of a person in an organization, (2) coercive power given by the ability of a person to instill fear in another individual, (3) power derived from providing rewards, that is opposite to coercive power because it derives from the ability to grant rewards for obeying the boss\'s wishes, (4) the power of someone considered an expert, derived from the perception or belief of the subordinate that the expert possesses a remarkable ability or knowledge and expertise in certain areas, (5) reference power that is based on the identification of an individual with a leader who is held in high esteem, which is admired and frequently imitated by his/her subordinates, and (6) informational power based on the belief that an agent is more informed than a subordinate or individual, where the information may be explicit or implied ([@bib18]; [@bib54]). These sources of power are related to types of power in organizations.

1.3. Types of power in organizations {#sec1.3}
------------------------------------

Sources of power are related to those elements of the organization from which the power comes, which in turn can be developed ([@bib53]). On the other hand, types of power refer to the behaviors that people of the organization use to gain power ([@bib50]), so they can be derived from the use of power sources previously mentioned. For [@bib51] power is, ultimately, bifactorial: formal or informal. In the first case, it is given by the structure, that is, by the position of power in a legitimized way in an organization; in the second case, it is given by relationships, which they also call personal power ([@bib51]).

### 1.3.1. Formal power {#sec1.3.1}

According to [@bib50], coercive power is a form of formal power that can be manifested in behaviors related to resistance or humiliation techniques. Another form of formal power is linked to structural power, given by the position the person occupies in the hierarchy or the formal structure of the organization, which refers to a legitimate power ([@bib42]; [@bib50]). [@bib42] also mentioned reward and coercive power as a form of formal power. However, [@bib50] said that people can also have formal power legitimized from their relationships within the network in which they are located.

### 1.3.2. Informal power {#sec1.3.2}

Informal power is closely related to informal structure ([@bib6]; [@bib14]), however, it can also be linked to formal structure ([@bib50]). This is due to the relationships that people establish from the position they occupy within the formal structure of the organization. In this case, power given by the information is a form of informal power within a formal structure ([@bib50]). Other informal powers are expert power and referent power ([@bib42]; [@bib50]). Both forms of formal and informal power can be analyzed considering relationships between people within organizations, through studies of networks, which can be called formal or informal networks depending on the type of power considered.

1.4. Social network analysis to study power relationships {#sec1.4}
---------------------------------------------------------

The analysis of power in organizations has been widely studied and defined over the years (e.g., [@bib4]; [@bib5]; [@bib19]; [@bib24]; [@bib26]; [@bib40]; [@bib46]; [@bib53]; [@bib59]). In order to identify and model the structure and scope of some of the forms of power in an organization, one can analyze the networks that comprise it. To be more specific, Social Network Analysis (SNA) is a technique of quantitative research for social networks, based on the pillars of graph theory, which allows the attainment of a technical-methodological approximation to explore the relationships and interdependent actions among the different members of a social system. SNA can be used to investigate the structure of organizations, as well as to describe formal and informal relationships among individuals in the organization ([@bib22]). As a technique, SNA employs the use of actor-network representations to understand social phenomena. Compared to other analytical techniques, SNA has a marked relational character and focuses on understanding the interactions between the actors of a network, as well as the structure of the network itself. SNA treats interactions between elements in terms of network theory, which are generated from nodes and links to indicate their connectivity and structure through the use of mathematical and computational models ([@bib7]; [@bib35]). It is[,]{.ul} therefore, a field that mixes sociology and mathematics, in which there are actors or entities that interact, and actions are represented on a graph.

Several authors referred the concept of "healthy organizations" when considering the role of the SNA to diagnose organizational relationships, considering how formal and informal networks are structured ([@bib2]; [@bib14]; [@bib47]). By doing this, researchers can evaluate the performance of the organizations and the effectiveness of the implementation of changes at the operational or strategic level ([@bib14]).

1.5. Organizational network analysis as a type of SNA methods {#sec1.5}
-------------------------------------------------------------

Among SNA\'s methods, Organizational Network Analysis (ONA) is extensively applied because it is a methodology that deals with issues of interest in the field of analysis and organizational behavior. According to [@bib3], ONA has become the standard used for the study of networks in organizations, making more specific the use of SNA. It allows us to analyze organizational aspects, as well as to identify the skills and shortcomings of the different work teams and to visualize in a more precise manner the influence and interconnectivity. Results obtained from ONA can be applied, for example, to redesign the structure of work groups, processes and workflows and to identify groups of individuals that have arisen due to the performance of their functions ([@bib35]). In addition, adopting a network vision can lead to a deeper understanding of the differences in the results of a company. Currently, ONA has become a popular methodology for a wide variety of applications, but one of the main challenges facing researchers is to try to generate measurable and reproducible networks with practical and positive results in the organization ([@bib29]; [@bib46]; [@bib48]; [@bib55]).

1.6. Network analysis indexes {#sec1.6}
-----------------------------

Network analysis also allows for the incorporation of attributes to relationships and actors that compose it, which extend analytical possibilities. Each organization has people, nodes, that serve links that are critical for the exchange of ideas and information. In this way, the actors are not simply connected nodes, but have properties or characteristics.

Depending on the objective of network studies, different authors have made their proposals of indexes that allow them to measure the characteristics of the relations between nodes. [@bib6] proposed the *informality degree of organizations* index to assess the level of the informality of a network within an organization. This index includes the measurement of the physical distance, the psychological distance and the perceived frequency of interaction between the agents of a network ([@bib6]). Authors such as [@bib9] also defined the importance of a person in a network considering their distances with the rest of the network members, creating the *access measure index*. Additionally, [@bib9] also proposed the *critical index*, which considers alternative routes to direct access between nodes, which can be used to measure distances.

One of the most important and significant properties is centrality or number of connections (degree-based), which are individual indicators ([@bib9]; [@bib48]; [@bib49]). This also provides information on the importance of actors within the network. It allows for the measuring of an actor\'s \"power\" in the network (for example, by the number of contacts that he/she has in the network) and also implies control over the acquisition of resources by others, it therefore, presents several indicators that determine the degree of prestige or power an actor has in the network. In turn, centrality has several measurements such as *degree centrality, closeness centrality, eigenvector centrality* and *betweeness centrality,* which is well defined for analysis, depending on characteristics within the network ([@bib22]; [@bib62]).

However, the solutions given to the network analysis generally allow us to understand the behaviors of people within the network but do not offer a solution that combines all the described indices. From the management area, these solutions that use a strategy derived from a certain degree of agreement between all the parties are known as consensus strategies ([@bib21]; [@bib27]; [@bib58]). The consensus is a type of decision-making process and is defined as that basis that several elements have in common that do not necessarily benefit everyone equally, but functions as the least common denominator among all ([@bib25]). Based on this logic, the use of *consensus* methods does not imply the selection of several options for the solution of a problem but is based on the existence of a single decision that is acknowledged as the best one for the whole group ([@bib10]; [@bib12]).

In response to this background, the present study aimed to identify the behavior of organizational networks from existing sources of power, using a consensus analysis of the different topologies present in these networks.

2. Methodology {#sec2}
==============

The study was carried out in a large private construction company in Ecuador that employs more than 1000 employees working as part of the system of production, using a mixed, qualitative and quantitative approach.

First, intentional sampling was used for data collection. Using the qualitiave method, this sampling allows the selection of people or groups of people according to their characteristics and the contributions they can make to the attainment of information related to the investigation ([@bib13]). Following this logic, five interviews were conducted with authorities in charge from the four national headquarters, located in Quito, Guayaquil, Cuenca and Lasso. The actors interviewed were selected taking cognizance of their knowledge regarding relationships in the company and the forms of conflict resolution commonly applied.

A masked questionnaire, authorized by the company\'s upper management, was used for the interviews in order to obtain exploratory information to understand the main sources of power used in the company and the factors related to their use. These initial interviews with senior executives of the company was aimed to obtain the predominant sources of power perceived by influential workers. The questions addressed everyday work issues and it was the researchers who, through the coding and categorization described, identified the preliminary categories.

Subsequently, a questionnaire was applied through personal interviews with a random sample of workers, from a total population of 1190 workers: 90.3% men and 9.7% women. The characteristics of the sample are presented in [Table 1](#tbl1){ref-type="table"}.Table 1Description of the sample of participating workers.Table 1Sociodemographic characteristicsNumer of participantsSexMale1074Female116ProvinceQuito290Guayaquil316Cuenca6Lasso598LocationOffice147Production plant1043Work AreaPresidency/General Management3Production672Supply chain190Maintenance163Human Resources59Finance/Auditing48Marketing/Commercial/Sustainability55

2.1. Procedure {#sec2.1}
--------------

The investigation had the support of the organization in providing the availability of people\'s time to participate in the interviews, as well as the authorization given to the investigators to enter the facilities and with respect to the organization of the work. The research team was composed of organization culture specialists and business management consultants.

Information was collected through individual interviews and direct observation. The interviews aimed to identify the perception associated with power and to understand and characterize company power networks. Direct observation allowed the identification of visible elements of organization members\' behavior and of the structure thereof. To be specific, those who make decisions (formal or informal authority), in certain areas (technical, technological, use of time, use of resources, problem[-]{.ul}solving, peer support, etc.) and how problems are resolved (by agreement or imposition). In the case that decisions are imposed, it was necessary to know how they were imposed (through hierarchical authority, the use of strong voice tones, appealing to friendship, to gender relationship, etc.). Although question and observation guides were developed for the interviews, information related to other aspects that came up was also collected.

Information collected from interviews and direct observations was submitted to a content analysis through categorization from more specific aspects to more general ones. This type of information processing is used within a qualitative approach focused on language characteristics and the use of explicit and/or implicit concepts ([@bib28]).

2.2. Data analysis {#sec2.2}
------------------

A preliminary analysis of word frequency in employee responses was made using the information collected from the first five interviews (first sample group). NVIVO10 ([@bib11]) was used to calculate the frequency and to graph correlated categories and subcategories. The content of the interviews with the workers helped to understand what is happening in the organizationa and to identify the power dimension. As an example of formal power, there were affirmations during the interviews such as \"we follow the established line of command\" ([@bib30]), or that a certain plant \"is a fiefdom, because there is too much concentration of power in the managements of the plant\" ([@bib32]), and that \"the operators skip the lines of command\" ([@bib31]).

Other example related to informal power, linking experience with knowledge, is the affirmation that " workers take their lesson, putting them to the test" ([@bib30]). Other type of informal power was regarding relationships, which appeared in affirmations such as "each area and each plant resembles its leader" ([@bib34]), and that the "resistance to change generates suspicion of fraud" ([@bib33]). The categories obtained, from the codes found in the qualitative information of the interviews, were summarized in six sources of power, measured through 12 questions that were used in the survey applied to all of the company employees described in the Sample on [Table 1](#tbl1){ref-type="table"}. These questions were validated in terms of content with a group of experts of the organization, considering its comprehension ([@bib60]). According to this, there were no changes to the original questions.

Once the questions were applied, the results were processed in order to identify the power networks corresponding to each question and the consensus of the networks. For this purpose, the 12 directed networks derived from each question were analyzed. In each network "j" several centrality indexes were calculated for each node "i", specifically: *in-degree (*$D_{i}^{j}$*)*, *clustering coefficient (*$CC_{i}^{j}$*)* and *neighborhood connectivity (*$NC_{i}^{j}$*).* The consensus strategy used to combine the different scores obtained in each independent network and to obtain a standardized ranking. We will explain the procedure, for simplicity, only with in-degree ($D_{i}^{j}$) but the same strategy apply for other centrality indexes. In this way:1)The $D_{i}^{j}$ index was standardized between 0 and 1 in each of the networks ($DN_{i}^{j}$). It is important because the network topology could change in each type of questions and therefore the centrality (i.e. node degree) could also change accordingly. However, by normalizing, we will be measuring the centrality according to the node with maximal connectivity. This normalization process leads us to a rank based scale of nodes between 0 to and 1. The use of rankings had also been considered by [@bib1] and this normalizacion strategy had also been used in comparing different ranking lists like in [@bib38] and [@bib57].2)The final consensus index (D~i~) was calculated as: *D*~*i*~ *=* $\frac{1}{N}\sum\limits_{j}^{N}{DN \cdot \frac{j}{i}}$ where N is the total number of networks. This concensus is basically the average normalized ranking. With this consensus strategy, it is possible to integrate the centralities of the same individual that were obtained in several networks.

This formula is basically the average of the standardized indexes in all the networks. The standardization is needed for actual comparison. The standard (*dD*~*i*~*)* deviation was also calculated, in which high *dD*~*i*~ values indicate that the individual centrality fluctuates across the networks while lower *dD*~*i*~ values imply that the individual remains with a more less constant centrality (low or high) in all the networks.

A factorial analysis applying Varimax as a rotation method was also carried out using the obtained $DN_{i}^{j}$ values. The Cytoscape program ([@bib56]) was used to visualize or obtain graphs from networks. The individuals from each of the four locations of the company being analyzed were assigned a specific color within each network in order to analyze connectivity and dispersion; these were: green for Quito, red for Guayaquil, yellow for Cuenca, and blue for Lasso.

3. Results {#sec3}
==========

A first analysis of the information revealed word frequency obtained from the interviews and direct observation carried out. This allowed an initial understanding of what power descriptors could be expected, while at the same time orienting categorization. [Fig. 1](#fig1){ref-type="fig"} represents the frequency graph obtained. A word was considered to be frequent if it was it appeared at least 10 times in the analyzed resources. According to the results obtained, it was possible to infer that the most frequently mentioned elements were related to characteristics that describe the organization (frequency of the words production, plant, area, company, personnel, process, operators, and managers). In the second place, were words associated with how people feel about the organization (confidence, lack, resistance). In the last place were words that express what the organization does or should do based on its function and the function of various people (communication, equipment, objectives, bosses, leadership). Once results were available, a qualitative-quantitative study was carried forward with power sources having been identified.Fig. 1Results of network 1 regarding, "Who makes the decisions about what happens on a day-to-day basis in your area?" Obtained using the Cytoscape program. The individuals in each one of the four company sites analyzed were color coded, Quito being green, Guayaquil red, Cuenca yellow, and Lasso blue.Fig. 1

The six power sources identified by the five employees that were interviewed were:(1)Power based on collaborative work and confidence in the group.(2)Power generated through the use of information, communication, and knowledge.(3)Formal power based on hierarchy,(4)Power based on a role as a mediator.(5)Power sustained by culture and the environment projected by the organization.(6)Power based on the capacity of control.

In addition, five key aspects that accompany power and should be considered in subsequent studies for this type of production company were identified, these being: the key actor (Line Chiefs), asymmetry of power between the production plants, changes, presumption of corruption, lack of plant worker proactivity, and lack of respect for the job.

Upon having identified the sources of power, the following questions (Q) were devised to be used when carrying out personalized interviews with all of the company employees:Q1: Who makes the decisions about what happens on a daily basis in your work area?Q2: Who do you call to solve normal problems during your shift or working day?Q3: Who is the person that helps you to solve personal problems?Q4: Who you do you call when you need information?Q5: In the face of a very complicated problem, who would go to in the company?Q6: What is the name of the boss who makes the decisions in your area?Q7: Which of your co-workers do you consider to be the most supportive?Q8: Which of your coworkers do you consider to have the most experience?Q9: Who is the co-worker with whom you interact the most?Q10: If your boss needs help to solve a problem, in which of his/her co-workers would he/she be able to rely on? (You can include your name or that of one of your co-workers)Q11: In the face of a conflict between two employees, who is the person who would help resolve the conflict in your area?Q12: In the face of a conflict between two employees, who is the person who would help resolve the conflict in your plant?

The statistical results obtained from the analysis of each of the variables (Q1-Q12) with respect to the elements that were considered for comparison are shown in [Table 2](#tbl2){ref-type="table"}.Table 2Statistical analysis of the questions applied*.*Table 2Parameter\*QuestionsQ1Q2Q3Q4Q5Q6Q7Q8Q9Q10Q11Q12A7.011.863.290.340.000.340.420.170.0011.151.600.08B14.954.314.480.760172.280.681.350.3429.905.411.35C5.227.6923.1420.353.151.2815.128.3712.719.8311.3110.91D0.081.246.8611.1610.740.000.070.000.000.002.6529.45[^1]

We can see that the most critical aspects are indicated in rows (A) percentage of those who are isolated and/or reference themselves, (B) percentage of self-referencing persons, (F) percentage of NAs (do not indicate anyone) in each network and (H) percentage who referenced \"Human Resources\".

Additionally, upon analyzing the columns or questions, you can see that for Q10, "If your boss needs help to solve a problem, which of his colleagues could he rely on?" 11% of the workers indicate that he/she could count on the worker themselves and almost 10% of the employees did not know on whom he/she could rely. Our attention was also drawn to the fact that for certain questions there were a large number of people who did not respond or did not indicate any of the employees, including themselves. Such is the case, for example, of questions 3 (Personal Problems) and 4 (Needs Information), where 23 and 20% of the employees, respectively, do not know or did not mention anyone in their responses. In contrast, in question 6, "What is the name of the boss who makes decisions in your area?" only 1.28% of the employees did not mention anyone. This suggests that the immediate boss is not the figure that workers always go to when they have problems of a personal nature or even to seek information. The creation of the "Human Resources" category originated because[,]{.ul} in questions related to personal problems or problems between employees, 30% of the workers answered \"Human Resources\", but not one or several specific individuals.

Networks derived from each question; where it could be seen that different topologies and conglomerate forms were presented, depending on the network, were later obtained. For a better understanding, we will model the results obtained from four of the networks (1, 3, 4 and 12), which are the ones that best illustrate the differences in connectivity between individuals or groups depending on the question asked. Additionally, a number of small images will be shown for the purpose of observing general topology.

The network derived from question 1 -- "Who makes the decisions about what happens on a daily basis in your work area?" shows that only a few people have a high degree of connectivity. In general, these individuals were senior managers while the small islands corresponded to leaders of small groups or people to whom in general very few employees resorted to ([Fig. 1](#fig1){ref-type="fig"}). One can see that Lasso (blue), Quito (green) and Guayaquil (red) demonstrate a better connectivity distribution, even though there are approximately 14.95% of people that refer to themselves and about 5.22% that did not indicate any other subject (multicolor island).

The network derived from question 3 (Personal Problems) slightly resembles Network 1, although it contains fewer scattered islands ([Fig. 2](#fig2){ref-type="fig"}). In this network not only were the people with the greatest connectivity different, but they could appreciate 3 majority islands (green belonging to Quito, blue belonging to Lasso and multicolor). The multicolor one corresponded to those people who did not know what to respond (approximately 23% of the people did not indicate any other subject in this type of question).Fig. 2Network 3 results referring to "Personal Problems" obtained using the Cytoscape program. The individuals analyzed in each of the four company sites are color-coded: Quito - green, Guayaquil - red, Cuenca - yellow, and Lasso - blue.Fig. 2

Network 4\'s "Needs Information" topology varied considerably in comparison to the preceding ones ([Fig. 3](#fig3){ref-type="fig"}). In this case, no individuals with a high centrality were identified; and there was a percentage of workers who referred to "Human Resourcesׂ" (about 10%) and more than 20% did not indicate anyone. These two scenarios, Human Resources and Nobody, are the two majority islands that we identified in the multicolored network (which indicates that this occurs in any of the plants).Fig. 3Network 4 results referring to "Need Information" obtained using the Cytoscape program. The individuals analyzed in each of the four company sites are color-coded: Quito green, Guayaquil red, Cuenca Yellow, and Lasso Blue.Fig. 3

On the other hand, network 12, "in the face of a conflict between two employees, who is the person who would help resolve the conflict in your plant?", reflects that the number of nodes or people who resort to "Human Resources" has increased (about 30%, in the multicolored network) as well as approximately 11% of the people who did not know who to refer to ([Fig. 4](#fig4){ref-type="fig"}). The names and network centrality change in this network, therefore, the values of connectivity will also change.Fig. 4Network 12 results referring to, "in the face of a conflict between two employees, who is the person who would help resolve the conflict in your plant?" obtained using the Cytoscape program. The individuals analyzed in each of the four company sites are color-coded: Quito green, Guayaquil red, Cuenca Yellow, and Lasso Blue.Fig. 4

The $DN_{i}^{j}$ (normalized index in-degrees *in each network "j")* and its grouping in factors was determinated by the factorial analysis ([Table 3](#tbl3){ref-type="table"}).Table 3Analysis of main components for networks, distributed according to a Varimax rotation with a Kaiser normalization.Table 3NetworksFactors123DN$\frac{j}{i}$11.946DN$\frac{j}{i}$1.933DN$\frac{j}{i}$2.854DN$\frac{j}{i}$5.826DN$\frac{j}{i}$6.761DN$\frac{j}{i}$12.645DN$\frac{j}{i}$8.778DN$\frac{j}{i}$7.773DN$\frac{j}{i}$10.773DN$\frac{j}{i}$9.747DN$\frac{j}{i}$3.948DN$\frac{j}{i}$4.788[^2]

As can be seen, standardized scores or values allow networks to be grouped into three factors. The first factor is considered to be the Formal Power, referring to formal and frequent power channels (networks 1, 2, 5, 6, 11, 12). The second factor is considered the Informal Power, which in this case is a kind of minor derivation of the Formal Power (Networks 7, 8, 9, 10). Finally, the third factor is the most complex to associate and is clearly related to personal relationships and conflicts that they generate (Networks 3, 4).

It was possible to identify the connectivity of individuals and how they were grouped according to a factor by using the In-Degree medium and considering only the period belonging to each factor ([Table 4](#tbl4){ref-type="table"}). The medium coefficient clustering (ClusterCoeff), which is another indicator of centrality (especially for clustering), and gives a measure of how "essential" an individual is on a network is also represented in the table. In other words, this index measures the characteristics of individuals who are connected to a particular individual. For example, let us suppose individual X is connected to 4 individuals; if these 4 individuals are also connected to each other, then the clustering coefficient will be greater than if these 4 individuals were not connected to each other. The Neighborhood Connectivity average, which is the average of neighbors \' connectivity that connects a node, was also calculated. This index is important when we are dealing with networks in which one can identify many \"islands\".Table 4Analysis of the average In-Degree, considering only the people who are part of each factor.Table 4Factor 1Factor 2Factor 3Average connectivity26.124.6515.92Average grouping coefficient0.0040.0310.005Media neighbor connectivity3.9734.345.58

Thus Factor 1 groups people who have a high connectivity, but a low grouping value, indicating that the individuals connected to them are not very connected to each other (we would say that they have a high indispensability). Likewise, the people connected to them do not have a high connectivity either, being that there are many employees that depend on them. This group would be the formal leaders of the institution.

Factor 2 groups those people who have low connectivity and a high grouping coefficient, this means that they reach their position as leaders due to their relationships with others, probably because of their experience and for their connection with the formal leaders (high value of neighbor connectivity). However, these individuals are more indispensable because many of the people that they are connected with, also have a lot of connections between themselves.

Finally, Factor 3 also indicated a solid position of power, at least in relevant matters, that would be more related to employee personal matters, as well as their need for information, possibly interpreted as information related to working conditions and related matters. These people have a position as solid as those in Factor 1 (some of the members are even repeated) since they have high values of connectivity and low values of grouping coefficient and connectivity with neighbors.

Finally, with the results obtained we proceeded to develop the consensus strategy to integrate the centralities of the same individual obtained in several networks, derived from the average and deviation standard (*dD*~*i*~) of the In-Degree ([Fig. 5](#fig5){ref-type="fig"}). In this graph you can see that there are groups of individuals with a lot of connections and low variability, but in turn there are others that have a low connectivity and high variability, and therefore are the ones that exert the least power in the company.Fig. 5Results of the analysis of the consensus strategy that integrates the centralities of the same individual obtained in several networks. *D*~*i*~ being *the general index* (*D*~*i*~*=*$\frac{1}{N}\sum\limits_{j}^{N}{DN \cdot \frac{j}{i}}$) where N is the total number of questions that were converted into networks and *dD*~*i*~ the standard deviation.Fig. 5

4. Discussion {#sec4}
=============

The goal of this research was to use the results obtained, using a qualitative-quantitative approach, to contribute to the understanding of the role of individuals within organizational power networks. The strategy used was one in which individual interviews and direct observation were combined to identify the sources of power within the organization, with a network approach and topological analysis of networks using graphics based on centrality measures, and then to finally conclude with a consensus strategy in order to obtain a standardized ranking. What is proposed is a model that captures the main features of organizational power in a company, delineates its organizational hierarchy and includes a consensus strategy that allows the rapid identification of individuals relevant to the organization.

The representation of power relations as a network allowed the researchers to analyze and visualize how employees are connected to each other within the organizational structure. By using this network, it was possible to analyze the structure of power relationships within the company. In addition, centrality measures allowed the defining of the distribution of power in the organization due its ability to detect the most influential positions within each network ([@bib37]). The differences between individuals with respect to their relationship can be extremely important to understand their attributes and behavior within an organization. Highly connected people can be more influential and more influenced by others ([@bib35]). That is, those individuals who have more connectivity indicate that they are the most relevant to the company in terms of decision making, as many employees have these few within their operational range. Likewise, the differences in connections can tell us a little about the order of stratification of the individuals.

Based on the information provided to the company, it was able to identify the people suitable for influencing decision-making and governance in their organization. In this way, it made it easier for the company to evaluate the distribution of people within their workflow, and identify redundancy of roles, inaccurate roles or fragmented functions within a network. In other words, the information obtained allowed the organization to analyze whether its members were functioning optimally and to raise possibilities of reorganization in cases where the results were not those expected.

The consensus strategy employed allowed the integration of all the networks analyzed, so that it transcended the individual approaches of the networks in terms of the significance of individual standardized scores. This is a methodology recently described for the integration of ranked genes across different prioritization tools ([@bib15]; [@bib38]; [@bib57]), but this constitutes the first report of application and validity in studies related to social sciences. The idea of normalizing to explore a ranked node centrality had also being recently explored in communication networks but not as a direct comparison measure across networks ([@bib1]). Moreover our results in factorial analysis showed that normalized centralities are very well correlated between networks; it is a property of centrality indexes already identified in [@bib61]. Having an adequate consensus strategy in the context of organizational power networks, can provide the capacity to classify individuals relevant to the organization within a long list, simultaneously taking into account different sources of power in which the same individual may or might not be equally relevant. This directly reduces the cost of experimental validation and allows for better decision-making and distribution of staff within the organization. Our results can be significant both theoretically and from a practical point of view in helping managers shape strategic positions in their organizations.

5. Conclusions {#sec5}
==============

This investigation presents two fundamental contributions. First, there is the use of organizational networks, specifically in the context of the description of power networks, to know the dynamics within organizations. Power as a key element in this study broadens the field of leadership studies, once interpersonal relationships will depend on these forms of influence. In this sense, the results obtained allow the organization where the study was applied to have a reference when carrying out its management through the knowledge of its informal structure and the organizational changes within it according to certain power dynamics described.

On the other hand, the present study proposed a new approach at the methodological level considering organizational network analysis, where not only it can describe, but analyze its behavior based on finding patterns that allow a better understanding of it. By applying a logic that has not been used within the field of social sciences, as is the case of the use of consensus strategies in the network analysis process, we are incorporating new aspects to its development, which allows extending the field of research on networks in organizations.

5.1. Study limitations {#sec5.1}
----------------------

As part of the limitations of this research, especially in terms of being able to replicate it, we can indicate that collaboration is always required by the organization where the research is carried out, once there is a need for the responses of all the population that works as an object of study. This research does not use a representative sample of the population. Another of the key elements in the case of this study, was the lack of homogeneity at the time of indicating the names of the people who were selected according to the questions asked, which led to delays in the analysis and the repetition of calculation processes. Also, the identification of sources of power from a qualitative analysis of the interviews could fail to have other aspects to consider that were not mentioned during this process. In this case, the studies that are carried out in the future can consider quantitative tools for identification of these said sources of power, which serve as the basis for the construction of specific questions that generate the networks. On the other hand, we only considered direct influences in the network analysis. Futures studies can benefit for the use of indexes based on indirect infuences as well.

Declarations {#sec6}
============

Author contribution statement {#sec6.1}
-----------------------------

Valentina Ramos: Conceived and designed the experiments; Performed the experiments; Wrote the paper.

Antonio Franco-Crespo, Yasel Guerra, Carlos Ramos-Galarza: Analyzed and interpreted the data.

Lien González-Pérez: Analyzed and interpreted the data; Wrote the paper.

Pablo Pazmiño: Contributed reagents, materials, analysis tools or data.

Eduardo Tejera: Conceived and designed the experiments; Performed the experiments; Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.

Funding statement {#sec6.2}
-----------------

This research was supported by the Escuela Politécnica Nacional with grant reference PIMI-16-02.

Competing interest statement {#sec6.3}
----------------------------

The authors declare no conflict of interest.

Additional information {#sec6.4}
----------------------

No additional information is available for this paper.

[^1]: Note. \*The parameters considered were: (A) percent of isolated subject and/or who referenced themselves, (B) percent of subject who self-referenced, (C) percent of NA (did not indicate anyone) on each network and (D) Percent of those whoe referenced "Human Resources". All the percents were calculated with respect of total nuber of nodes in each network.

[^2]: Note. DN$\frac{j}{i}$ is the standard in-degree index between 0 and 1 in each of the networks in order to be integrated into a single indicator, where N pertains to the question that was converted into a network. The distribution in three factors corresponds to a 75.69% explained variance. The highest values of saturization were considered in order to identify the networks that form a part of each factor. The rotation was convergent in five interactions.
